In this study, development and validation of a HPLC method was described for simultaneous determination of potassium sorbate, sodium benzoate, quinoline yellow and sunset yellow. A Box-Behnken design using three variables at three levels was employed to determine the optimum conditions of chromatographic separation: pH of mobile phase, 6.0-7.0; flow rate, 0.8-1.2 mL min −1 and the ratio of mobile phase composed of a 0.025 M sodium acetate/acetic acid buffer, 80-90%. Resolution was chosen as a response. The optimized method was validated for linearity, the limits of detection and quantification, accuracy, precision and stability. All the validation parameters were within the acceptance range. The applicability of the developed method to the determination of these food additives in commercial lemonade and lemon sauce samples was successfully demonstrated.
Introduction
Some chemicals are generally added to processed foods to prevent microbiological spoilage, to extend shelf-life, to improve taste, color, flavor, acidity and appearance. Besides, chemicals have some harmful effects on human health depending on the amount of intake. Therefore, synthetic food additives which are chemicals should be analyzed in terms of quantitation in foods. Throughout the world, the two major regulators of food additives the Food and Drug Administration (FDA) of the United States and the European Food Safety Authority (EFSA) prescribe regulations about food additives usage.
The most commonly used preservatives in foods are potassium sorbate (E 202) and sodium benzoate (E 211) ( Figure 1 ). The use of these preservatives is limited by the regulators, as they cause to some allergic reactions. The maximum levels of use singly determined by the European Union are 300 and 150 mg L −1 for potassium sorbate and sodium benzoate in soft drinks, respectively. When they are used in combination, limits values are 250 and 150 mg L −1 for potassium sorbate and sodium benzoate in the same type of drinks, respectively (1, 2) . Similarly, synthetic colorants quinoline yellow (E 104, D&C Yellow No 10) and sunset yellow (E110, FD&C Yellow No 6) also have a potential risk to human health (Figure 1 ). Quinoline yellow, which is a quinophthalone synthetic colorant and chemically prepared by mixing sodium disulfonates, monosulfonates and trisulfonates, generally causes skin allergy reactions in adults and children. It is a USA-certified color additive listed for use only in drugs and cosmetics; whereas it can be also used as a food colorant in Europe and other countries. Sunset yellow, an azo compound, increases asthma and engenders some various health problems. Particularly, it can lead to hyperactivity in children, when it is used together with benzoates. Thus, the determination of these synthetic food additives is required to guarantee the food safety. Until now, many analytical techniques have been developed for the determination of various food additives, such as UVvisible spectrophotometry (3) (4) (5) , thin layer chromatography (6, 7), electrochemical detection (8) (9) (10) (11) , capillary electrophoresis (12, 13) , HPLC-diode array detector (14) (15) (16) (17) (18) (19) (20) , HPLC-MS (21, 22) and HPLC-MS-MS (23) (24) (25) . However, there are no previous reports on simultaneous determination of potassium sorbate, sodium benzoate, quinoline yellow and sunset yellow in the literature.
HPLC conditions mainly depend on the type of column, flow rate, composition and pH of the mobile phase. Optimization of experimental conditions for the chromatographic system can be easily determined using an experimental design. There are various types of experimental designs such as 3-level factorial design, Box-Behnken design (BBD), central composite design, Doehlert design and D-optimal design (26) . These experimental designs require a smaller number of trials and a shorter time period than the change of one variable at a time. Moreover, they help in understanding the interactions between the variables.
In this study, BBD was applied for optimizing high-performance liquid chromatography (HPLC) conditions for the simultaneous determination of potassium sorbate, sodium benzoate, quinoline yellow and sunset yellow. The optimized HPLC method was validated, and the proposed method was successfully applied to the analysis of these food additives in commercial lemonades and lemon sauces. 
Materials and methods

Reagents and solutions
Potassium sorbate, sodium benzoate, quinoline yellow and sunset yellow were purchased from Sigma-Aldrich. HPLC-grade acetonitrile, sodium acetate trihydrate and glacial acetic acid were acquired from Merck. Milli-Q water was used to prepare the solutions and mobile phases. Standard stock solutions of potassium sorbate and sodium benzoate were prepared at a concentration of 500 μg mL −1 . Standard stock solutions of quinoline yellow and sunset yellow were prepared at a concentration of 50 μg mL −1 . Working solutions in the concentration range of 5-30 μg mL −1 for potassium sorbate and sodium benzoate and 0.5-3.0 μg mL −1 for quinoline yellow and sunset yellow were prepared by the dilution of the standard stock solutions in Milli-Q water.
Sample preparation
Five real samples including three lemon sauce samples and two lemonade samples were obtained from local supermarkets in Istanbul, Turkey. The samples were first degassed for 5 min in an ultrasonic bath and then diluted with appropriate amount of ultrapure water. Prior to analysis, samples and standard solutions were filtered through a filter (0.45 μm) and injected into HPLC system.
HPLC conditions
Under isocratic conditions, the mobile phase was a mixture of 0.025 M sodium acetate/acetic acid buffer of pH 6.0 and acetonitrile (85:15, v/v). The flow rate was 0.8 mL min −1 , and the injection volume was 20 μL. While the wavelength of the optimization procedure was 230 nm, the wavelengths in the validation procedure were 230 nm for potassium sorbate and sodium benzoate and 460 nm for quinoline yellow and sunset yellow due to maximum absorbance values of the analytes.
Optimization procedure
The flow rate, pH of the mobile phase and mobile phase ratio play an important role in the chromatographic separations. A BBD was applied to optimize these three factors. BBD using three variables at three levels is an effective design with the small number of experiments required. The examined levels of the factors are given in Table I . The experimental design matrix used together with the obtained response is described in Table II . Fifteen experimental runs were performed at random. Resolution (R) was chosen as response for the separation of the food additives. The experimental data obtained were analyzed by the response surface regression procedure using the following second-order polynominal equation:
where n is the number of variables, b 0 is the constant term, b i , b ii and b ij represent the coefficient of the first-order terms, quadratic terms and interaction terms, respectively and ε i is a term that represents other sources of variability not accounted for in the estimation, such as background noise (27) .
Validation procedure
Method validation was performed according to the guidelines of ICH Q2R1 (28) . Linearity, limits of detection and quantification, precision and accuracy of the developed method and stability of the analyte solutions were carried out under optimized conditions.
Results
Optimization of the HPLC method
The experimental design matrix and resolutions obtained according to BBD are shown in Table II . The adequacy and fitness of the polynomial quadratic equation were tested by analysis of the variance (ANOVA), and the results are listed in Table III . From ANOVA, quadratic contribution of the mobile phase ratio was significant in the selected range. It can be also seen from Table III that the pH and flow rate show negative effects on the resolution, while the mobile phase ratio shows a positive effect. To obtain a better understanding of the effects of the variables, response surface plots were produced from the model equation (Figure 2a-c) . As shown in Figure 2a and c, by increasing the pH from 6.0 to 7.0, a certain decrease occurred in resolution. Similarly, when the flow rate was increased from 0.8 to 1.2 mL min −1 , a decrease in the resolution was seen (Figure 2b ). We can infer from the plots that the greatest resolution value was obtained at the center value of the mobile phase ratio and low values of pH and flow rate. According to the overall results of the optimization study, optimized HPLC conditions are pH, 6.0; flow rate, 0.8 mL min −1 and mobile phase ratio, 85%. Figure 3 shows the chromatogram recorded under the optimized conditions. Quinoline yellow (E104) exhibits three peaks corresponding to isomers. The total chromatographic separation time was 10 min. R 2 = 0.9066, R 2 (adjusted for degree of freedom (Df )) = 0.8220. a Significant factor at α = 0.05. 
Validation of the HPLC method
Linearity, limit of detection and limit of quantification The linearity of the HPLC method was evaluated in a concentration range of 5-30 µg mL −1 for potassium sorbate and sodium benzoate and 0.5-3.0 µg mL −1 for quinoline yellow and sunset yellow covering the normal range of concentrations obtained when analyzing lemonades and lemon sauces. Calibration equations were calculated using the peak area of the food additives. For quinoline yellow, the sum of the peak areas of the three isomers was used. The linearity of the calibration graphs was validated by the high value of correlation coefficient. Characteristic parameters obtained using the least squares regression method are given in Table IV . A good linear relationship between the corresponding peak areas and the concentrations of the analytes was achieved. The limit of detection (LOD) and limit of quantification (LOQ) are calculated as follows: LOD: 3 × σ/S and LOQ: 10 × σ/S, where σ is the standard deviation of intercept and S is the slope which is determined from the corresponding calibration curve. The results of LODs and LOQs for analytes are shown in Table IV .
Precision and accuracy
To test the prediction performance of the proposed method, intraday (three times in a day operation under the same conditions) and interday (four different days) studies were carried out in three concentration levels. Table V summarizes intraday (the RSD of the recoveries of the nine samples) and interday (the RSD of the recoveries of the twelve samples) precisions of the proposed method. The RSD values ranged from 0.467 to 1.464% for the HPLC method. The recovery study was performed by addition of known amounts of the studied compounds of the samples. First, 0.5 mL of Lemon Sauce I which contains four food additives was transferred to a 10-mL volumetric flask, and the reference standards were added at three different concentration levels on it as shown in Table VI . Then, added samples diluted to the volume with Milli-Q water. The proposed method resulted in satisfactory recoveries for all additives, ranging from 96.00 to 104.73%. The recoveries in Table VI demonstrate that the sample matrix has negligible effect on the determination of analytes, and the developed method is accurate within the desired range.
Analyte solution stability
Under refrigerated and room temperature conditions, potassium sorbate, quinoline yellow and sunset yellow in mobile phase and water were stable for at least 1 month. Sodium benzoate was stable in the same solution and solvent for at least 1 month when stored in a refrigerator at 4°C.
Analysis of samples
The developed HPLC method was applied to the simultaneous determination of potassium sorbate, sodium benzoate, quinoline yellow and sunset yellow in lemonade and lemon sauce samples. Twelve replicates determination were made, and the results are summarized in Table VII . The concentration of synthetic colorants in analyzed samples ranged from 0.86 μg mL −1 (sunset yellow in lemon sauce III) to 15.02 μg mL −1 (quinoline yellow in lemonade I). The concentration of preservatives in the samples ranged from 55.69 μg mL −1 (potassium sorbate in lemon sauce I) to 267.79 μg mL −1 (potassium sorbate in lemonade I). It can be inferred that lemonade samples include higher quantity preservative than lemon sauce samples. Besides, the amounts of potassium sorbate and sodium benzoate in lemonade I were slightly higher than the limit value defined in European Commission directives (1, 2) .
Discussion
An experimental design such as Box-Behnken dosing is a good alternative to study the effect of variables and their interactions on the resolution due to the small number of experiments required. The results of an experimental design can change according to selected values of the variables. Taking into account the results of the experimental design, it can be observed that the variables studied and their interactions do not influence the resolution significantly in the selected range. However, it can be seen how the value of resolution increases if the values of pH and flow rate decrease. At the same time, experimental design applied indicates that the optimum value of the mobile phase ratio should be taken at the center point.
The method was validated, and the results obtained show that the RSD values were <2%, showing high degree of precision of the developed method. Although the previously described methods were developed for the simultaneous determination of various food colorants or preservatives, there is no report about simultaneous determination of this combination in food samples. The complete separation of the analytes was accomplished in 10 min, and so this method is highly suitable for routine analysis of these food additives in quality control laboratories.
Conclusion
A reliable and rapid HPLC method for the simultaneous determination of potassium sorbate, sodium benzoate, quinoline yellow and sunset yellow was developed. Optimization of experimental conditions for the chromatographic system was performed using BBD. Optimum values of the pH, flow rate and mobile phase ratio for good separation of all the analytes were determined. The optimized HPLC method was validated, and based on the results obtained, it is found that the proposed method is linear, precise and accurate. Validation data also demonstrate that this method can be used in routine analysis of potassium sorbate, sodium benzoate, quinoline yellow and sunset yellow in lemonades and lemon sauces. 
